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Hydrogeochemie skapovych vod




Hydrogeochemie
Acidobazicke systémy
Bronstedova teorie kyselin a zasad
Kyselina: molekula potencialne uvolnujici H* ion

Baze (zasada): molekula potencialné vazajici H* ion

0X0niovy ion hydroxydovy ion
_ + +
2H20 = H3O+ + OH H3O ? H904 ?
kyselina baze
Zjednodusené: H,O=H" +OH"
K,=a ,a.__=10"1"

w H OH

~logl0™1* = ~loga . —loga - 14 =pH +pOH




Hydrogeochemie

Acidita [Acy]: suma ekvivalentu volnych kyselin (vzhledem k referencni
hladiné, H,O, H,CO,)

Alkalita [Alk]: suma ekvivalentu volnych bazi (vzhledem k referencéni hlading,
H,O, H,CO,)

[Alk] = -[Acy]
[Acy] = BNC (bazicka neutralizaCni kapacita)
[Alk] = ANC (kyselinova neutralizacni kapacita)

BNC — kapacita roztoku k pojmuti ekv. silné kyseliny po dosazeni
neutrality (pH = 4,5)

ANC - kapacita roztoku k pojmuti ekv. silné baze po dosazeni
neutrality (pH = 4,5)
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Hydrogeochemie

Stanoveni alkality

Potenciometricka titraCni metoda s vyhodnocenim pomoci Granovy funkce

2.50E-01 - y=0.0527x - 0.3125
2 00E-0] - titracni ¢inidlo: 0,05 mol/l HCI ‘ Faktor = ‘ 1.10254
g 1.50E-01 - . ml
= ¢inidla pH G fce
O 1.00E-01 - 0.0 789  3.22E-06
1.0 Tisind 1.35E-05
5.00E-02 - 2.0 693  2.96E-05
0.00E+00 ‘ ‘ 3.0 6.42 9.62E-05
0.0 50 10.0 15.0 4.0 6.03 2.37E-04
’ ’ ' ' 5.0 5.63 5.98E-04
V [mi] 5.5 53 1 28E-03
6.0 4.65 5.73E-03
bod ekvivalence 6.5 3.935 . 3.01E-02
7.0 3.68 5.37E-02
_ -pH +1_ +~—pH 8.0 337 1.10E-01
GF = (V + VO) 10 [H ] =10 P 9.0 321 1.60E-01
10.0 3.08  2.16E-01
V+V,= celk. objem V. elk bodckv.: 593  ml

c=m/V=m=cV , ,
[alkalita] =  5.10->x ml (bod ekv.) x faktor x 4 (nasob. faktor)

_ +
GF = m, .+ (moly H") | [alkalita] = 1.31E-03 eq/l




l. kysela srazkova voda

oH = 3.000
S = 5.300E-04 mol/L
Pcoz =-3.5

Total alkalinity (eq/kg) = -1.073E-03
Total CO2 (mol/ka) = 1.701E-05

Il. interakce v epikrase, pco; = -1.90,

rozp. kalcitu Slacity = 0

pH = 6.976
Total alkalinity (eq/kg) = 6.261E-03
Total CO2 (mol/kg) = 7.950E-03

Ca 3.667E-03 mol/L

S(6) 5.301E-04 mol/L
Saturace:
Calcite 0.00
COgq) -1.50

Gvpbsum -1.60

l. neutralni srazkova voda, rovn. pcoz = -3.5
pH =
Total alkalinity (eq/kg) = 6.727E-09
Total CO2 (mol/ka) =

5.617

1.943E-05

Il. interakce v epikrase, pco; = -1.50,
rozp. kalcitu Slkacity = 0

pH = 6.992

Total alkalinity (eq/kg) = 6.458E-03

Total CO2 (mol/kg) = 8.147E-03

Ca 3.229E-03 mol/L

Saturace:
Calcite
COZ(G\

0.00
-1.50




lll. odplynéni v jeskyni, pcos = -2.50
pH = 7.966
Total alkalinity (eq/kg) = 6.261E-03
Total CO, (mol/kg) = 6.356E-03
Ca 3.667E-03 mol/L
S(6) 5.301E-04 mol/L
Saturace:

Calcite 0.98

COzg) -2.50

Gypsum -1.61

lll. odplynéni v jeskyni, pcoo = -2.50
pH = 7.983

Total alkalinity (eq/kg) = 6.458E-03
Total CO2 (mol/kg) = 6.551E-03

Ca 3.229E-03 mol/L
Saturace:
Calcite 0.98
COQ(Q\ -250




IV. rust speleotém,
sraz. kalcitu Sl(kalcit) =0

pH = 7.168
Total alkalinity (eq/kg) = 4.784E-03
Total CO2 (mol/kg) = 5.618E-03
Ca 2.929E-03 mol/L
S(6) 5.300E-04 mol/L
Saturace:

Calcite 0.00

CO2(9) -1.80

Gypsum -1.66

Celkova bilance Ca:

rozpustilo se: 3.667E-03 mol/L
vysrazelo se: 7.38E-04 mol/L
zbvlo ve vodé: 2.929E-03 mol/L

IV. rust speleotém,
srazeni kalcitu Slalcity = 0
pH = 7.191
Total alkalinity (eq/kg) = 4.984E-03
Total CO2 (mol/kg) = 5.814E-03

Ca 2.492E-03 mol/L
Saturace:
Calcite 0.00
CO2(g) -1.81

Celkova bilance Ca:

rozpustilo se: 3.229E-03 mol/L
vysrazelo se: 7.37E-04 mol/L
zbvlo ve vodé: 2.492E-03 mol/L
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Moravsky kras: VSechny vody typu Ca — HCO;,

Parametry:
- pH~8

« Ca~(1-4)x103 mol I

« Alkalita (2 — 7)x10-3 mol I
« Koncentrace K, Na, Mg o dva rady nizsi (1 — 6)x10- mol |

« Koncentrace Cl, SO,, NO; (5x10-° - 1x104) mol |
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Punkevni jeskyné
Tab. 3. Krasové vodv. Punkevmi jeskyné A
lokalizace skapu PT (Tupelova chodba) PA (spelotéma Andél) PH (Huslv sloup) PP ({ Punkva )
obdobi 9/7/03 az 8/3/05 3/6/03 a2 8/3/03 13/2/03 a2 8/3/05 13/2/03 az 8/3/05
podet vzorkd 10 8 13
paramety primsr 5TD pramér STD priduét STD prumeér 5TD
prittek [ml/hod] 836 553 1069 512 331 111 : =
pH 1.57 0.32 8.00 0.12 208 0.19 731 0.19
Ca™ [mol/l] 1581070 1.73.10" 340107 310107 400107 462100 204107 64610"
K [mol1] 1,67.10° 750107 10710 &17.107  191.10° 874107 646107 1,39.107
Mz~ [mel/] 6.00.10° 32710°% 635107 220107 348107 148107 25010 257107
Na [mol1] 841.10° 69010° 162107 363107 739107 733107 450107 114107
NH: [mol/l] DL ; DL ; DL & 1.80.10° 3.33.10°
alkalita [mol/l] 214107 314.00%  59410% 485107 se610° 111107 303107 120107
NO [mol] DL - DL : DL = 417.107 482107
NO3 [mol] 110107 213107 120007 407107 378100 s4110% 48110t 156107
Cl [mel/l] 1,20.10° 523.10°  1901.10° 895107  7.2410° 9s610% 52710 110107
S0 [moll] 461.10° 268107  48310% 666107 49010 3235107  4g000” 374107
PO: [moll] 590107 126107 619107 207107 562107 124107  379.10° 1.1910%
chvba® [26] 1,69 1.50 0.58 3.8 3,23 3.30 2,76 296
pomér CaMg 26,01 2,49 60,03 15.76 76,80  13.95 8,40 338
pomér Mz/K 31,65 0.19 5.86 157 286 0.67 246 0.30
logpronaTi) 293 0.25 3,00 022 298 0.34 298 0.35
logpeosy 2,56 0.37 2,57 0.15 2,60 0.23 2,20 0,26
logproner, 2,79 0,17 -1.63 0.10 147 0.16 2,32 0,37
Sl 022 0.25 0.92 0.09 1.10 0.16 030 043

¥ (kasion - |anion])/(kation + lanion)x100
STD - standardni odchyika

DL — hmit stanovent




Tab. 4. Krasove vodv. Punkevni jeskovné B
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lokalizace skapu PMI (briko 1) PM2 (breko 2) PM3 (briko 3) PMM (stalaksit)
obdobi 13/2/0% az 3/8/03 13/2/03 az 3/8/05 13/2/03 az 20/5/04 13/2/03 az 3/8/03
potet vzorki 12 13 10 13

paramernr priumeér STD promeér STD primeér STD prizmér STD
pristol [mihod] 33 12 250 143 24 11 139 41

pH T80 .25 704 0.18 191 D23 1.97 n1o
Ca” [mol/l] 3.765107 4.10x107  3.71x107° 449x10"  361x107 3.65x107 353107 4.62x107
K~ [mol1] 1.80x107 5.80x107  1.77x107 290x107  1.84x10° 731x107  2.01x107 1.64x10°
Mg~ [meln] 5195107 1.00x10°  7.20x10° 581x107 4165107 122x10°  540x10° 13562107
Na~ [mol1] 5.74x107 2.18x10F 7.44x107 4.14x107 6572107 1.39x10° 714107 8.55x10°
NH.™ [mol] DL " DL . . ' 6.01x107 1.53x107
alkealita [mol/]]  6.96x107 1.12x107°  6.75x107 1.17=x10°  6.36x107 8.19x10®  6.29x107 1.13x107
NO5 [moli] DL 2 DL - . . DL -
NOj5 [moll] 481x107 5.09x10° 4.58x107 904x10°  4.71x107 s5.68x10°  3.53x107 1.1ox10”
C1 [mol1] 542x10° 1.30x10° 6.42x107 135x107 £.09x107 1.74x107  6.13x10"° 7.11x10°
50" [molil] 376x107% 1962107 3.95x107 346x107  s03x107 250x107  4.22x107 4.04x10°7
PO [moll] 557107 4.76x10° 6.32x107 2.02x107 : : 6.05x107 1.67x107
chyba® [94] 0.16 2 81 1,09 4.01 .0.14 236 (.06 282
pemér CaMg 74.11 0.78 67.00 19.74 36.47 994 68.03 838
pomér MgK 289 0.62 5.09 7.09 227 0.11 2.67 0.64
loZpconamy 397 0.36 2,98 0.33 293 0.38 .2.08 035
logpeoat 3.31 0.29 -2.46 0.23 246 0.26 -2.54 0.22
logpconzs 147 0.15 -1.50 0.17 1.56 0.13 -1.58 0.19
) 0.82 021 0.94 0.13 0.83 019 0,93 0.20

* (kauon - lanion|y(kation = [anion| 100
STD — standardm odchylka
DL — bmnit stanovens
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Tab. 5. Krasove vody. Balcarka

Ickalizace skapu BV1 (briko 1) BV 2 (bréko 2) BG (briko 3)
obdoba 2354703 a2 9711704 247803 az 207504 9/11/04
podet vzorki 1
paramets priméy STD primeér STD hodnota
priitck [mlhod] 402 395 59 90 1000
pH 7,89 0.13 7.95 0,27 8,01
Ca” [meoll] 278107 5.77.107 271.10° 510107 4,10.10°
K [mol1] 691.10° 1.60.10° g§22.10" 540107 6,14.10*
Mg~ [mol/1] 433107 162107 436107 125107 296107
Na~ [mol/1] 1,37.10% 455107 1.24.10% 129107 5,74.107
NH; [mol1] DL - DL ; 1,11.10°
alkalita [mol1]  5.15.10° 1.04.10° 516107 926107 7,67.10°
MO [met] DL : DL : DL
NO;" [moll] 7.07.10° 2385107 387107 564107 =
€I [mel] 3.81.10°  4.62.107 1.7510% 451107 1,04.107
SO: [mell] 1,30, m: ﬂ.sa.mj 1.04.107 437 m:
o= F 2

pomér Ca'Mg 68,85 15.75 635,51 8.61 138,44
pomér Mg'K 6,71 2.835 6,46 2.57 4,83
logpeoyat -2.98 .22 -298 0.23 -294
logpooasy) -2.52 0.15 -2:38 032 247
logpcoaEr) -1.83 0,23 -1,83 0,19 -1,35
SHateis 0.65 0.23 0,73 0,20 1,10

* (kation - |anion)/(kation = [anion 100
STD — standardni edchylka,
DL — limat stanoven:




Tab, 6. Krasové vody. Amatérska jeskyné
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lokalita AR (stalaktit) AC1 (zaclena ) AS (brika) AA AC?
pocet vzorki 11 10 1 1

obdobi 24/4/03 a3 9/11/04 24/4/03 a2 9/11/04 24/4/03 a3 §/3/05 /305 17/2/04
paramety primeér 5TD primeér STD primer sTD hodnota  hednota
pritok [mlhod] 493 310 1870 1960 104 33 700 400

pH 7.88 0,17 7,72 0,23 7,77 0,22 8,02 7.83

Ca®" [miol] 365107 438610 3.60.10° 638.10° 412107 as5010" ag410? 272107
K™ [moli] 149.10° §82.107 1461070 72610°  84410° 18210° 767107 164107
Mg [mell] 6.63.107 199107 7.12.10°  2.16.107 256.10% 837.10% 286107 335107
Na [mol/l] 940.107 1,02.10° 242107 3,12.107 22510% 100107  200.10% 365107
NH: [mol1] DL - 133,107 1.63.10° DL - DL 3.88.10"
alkalita [mol] 6.86.107% 1.14.107 5.16.10° 1.59.10" 1.87.00% 128107 675107 437107
NO; [mol] DL . DL , DL - DL DL

NO: [moll] 101107 3911070 126107 20410 583107 88510° 419107 s97.10°
C1 [mold] 114,107 236107 2.3510% 35.51.107 1.0610% 7.0210% 183.10% 420107
SO [moll] 234107 296107  550.10° 583107 57110 400107 604107 145107
PO [mold]  5.79.107 118107 6353107 168107 737407 172107 1.79.10° 842107
chyba® [%4] 0.90 4,59 0,04 5,20 024 392 455 1164
ponier CaMg 57,27 g,32 51,92 5,72 16,07 1,64 1411 8371
pomér Mg/K £.40 1,12 5.51 1.96 31.33 4.57 37.31 1.09

logpeoacamn =256 0,26 3. 75 0.31 -2.B2 0,33 2 297
legpeoast 2,39 0,19 -2,36 0,26 2,23 0,25 254 252
logpeoamn -1.49 0,16 - 0.26 135 0.15 147 05
3 (e 0.88 0,17 0,27 0,86 0.19 1,04 0,56

* (kation - lanion!)/(kation = [anson|)x100
STD — standardni odehylka
DL ~ limit stanoven




Saturacni indicie skapovych vod
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skapova voda

: atmosféra
lokalita o
9 Pcoz Sleaic 109 Pco2 pw 109 Pco2 Ex
MD/PJ 1 -2.87+0.35 1.05+0.19 -2.57+0.26 -1.49+0.18
MD/PJ 2 -2.87+0.35 0.88+0.20 -2.47+0.27 -1.57+0.13
Punkevni MD/PJ 3 -2.87+0.35 0.84+0.23 -2.36+0.29 -1.51+0.14
jeskyn
& MD/PJ 4 -2.87+0.35 0.93+0.13 -2.46+0.18 -1.52+0.18
A/PJ 5 -2.97+0.22 0.94+0.06 -2.60+0.12 -1.64+0.11
T/PJ 6 -2.90+0.26 -0.28+0.25 -2.51+0.40 -2.80+0.17
BD/B 1 -3.17+0.07 0.58+0.19 -2.49+0.22 -1.99+0.05
Balcarka
BD/B 2 -2.96+0.24 0.74+0.20 -2.65+0.26 -1.88+0.13
bl & A/A1 -2.80+0.36 0.88+0.22 -2.27+0.22 -1.38+0.09
Amatérska
jeskyn RaD/A 2 -2.57+0.28 0.82+0.18 -2.40+0.21 -1.57+0.04
; LD/A 3 -2.74+0.31 0.57+0.28 -2.33+0.27 -1.75+0.28

MD/PJ — Masaryktv dém, Punkevni jeskyné
A/PJ — speleotém Andél Punkevni jeskyné
T/PJ — Tunelova chodba, Punkevni jeskyné
BD/B — Velky dom, Balcarka

A/A — Stola, Amatérska jeskyné

RaD/A — Dém Razstoka, Amatérska jeskyné
LD/A — Rozlehla chodba, Amatérska jeskyné
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Doplnujici/souvisejici predmety:
G8411 Geochemie krasovych procesu

G8581 Pokrocila hydrogeochemie




